Introduction
The synthesis of cinnamoyl hydrazides has attracted significant attention due to their utility as intermediates for the preparation of 1,2,4,5-tetrazines 1 and their biological activity, e.g. as tuberculostats. 2 Hydrazides are generally prepared by the hydrazinolysis of esters; 3 however, cinnamic esters form pyrazolidones resulting from Michael addition as the main products. 4a,4b Published routes to cinnamoyl hydrazides involve i) preliminary preparation of activated esters and/or amides using 1-hydroxybenzotriazole (HOBt) followed by reaction with a hydrazine, 5 ii) treatment of activated esters 4b or mixed anhydrides1, 4a with hydrazine. As a continuation of our study on N-acylbenzotriazole chemistry, we describe herein an efficient procedure allowing for the direct conversion of cinnamic acids and heterocyclic analogs into hydrazides in excellent yields under mild conditions (Scheme 1).
Results and Discussion
In our earlier work, N-acylbenzotriazoles were used for formylation, 6a trifluoroacetylation, 6b and for preparation of oxamides. 6c Recent work has extended the applicability of acylbenzotriazoles although no N-acylbenzotriazoles derived from α,β-unsaturated carboxylic acids were investigated in such reactions. Acylbenzotriazoles 2a-f can be prepared by the reaction of benzotriazole with acyl halides. 8a,8b However, our recently reported methodology 7 provides a mild preparative method (Scheme 1), which can be applied to the synthesis of many molecules with sensitive groups. This technique was used to prepare 2a-f in excellent yields ( Table 1) . The structures of 2a-f were characterized on the basis of 1 H and 13 C NMR spectra and CHN analytical data. Treatment of 2a-f with anhydrous hydrazine in THF gave 3a-f in more than 75% yields. Onepot synthesis, converting 1b,d into 3b,d by direct hydrazinolysis without isolation of 2b,d, also succeeded in rather good yields. Thus, hydrazinolysis in situ is a more effective strategy. Hydrazides 3a-f obtained are also summarized in Table 1 . The benzotriazole byproduct formed in these reactions can be easily removed by washing with saturated aqueous Na 2 CO 3 .
In summary, we have developed an efficient general method to convert cinnamic acids and heterocyclic analogs into their hydrazides in one pot under mild conditions. 1-(Benzotriazol-1-yl)-3-(2-furyl)-2-propen-1-one (2e) . 3-(2-Furyl)acrylic acid 1e, (1.38 g, 10 mmol) gave dark-red needles 2e ( 1-(Benzotriazol-1-yl)-3-(2-thienyl)-2-propen-1-one (2f) 
General procedure for the preparation of hydrazides 3a-f
To a solution of the appropriate N-acylbenzotriazoles 2 (10 mmol) in THF (50 mL), a solution of anhydrous hydrazine (0.38 mL, 12 mmol) in THF (5 mL) was added dropwise at room temperature. The reaction mixture was stirred at room temperature for about 4 h. After THF was removed under reduced pressure, the residue was dissolved in ethyl acetate (150 mL). The organic layer was washed with saturated aqueous Na 2 CO 3 , water, dried over anhydrous MgSO 4 , and evaporated to give a crude product, which was recrystallized from benzene. 
